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(57) Abstract 

Cyclic tetrapeptide derivatives represented by general formula (I) or pharmaceutically acceptable salts thereof: (wherein R 21 and R^ 
are each independently hydrogen, linear C,-Q alkyl to which a nonaromatic cycloalkyl group or an optionally substituted aromatic ring may 
be bonded, or branched Cj-Q alkyl to which a nonaromatic cycloalkyl group or an optionally substituted aromatic ring may be bonded; and 
R, and R, are each independently linear C,-C 5 alkylene which may have a C-Q side chain, and the side chain may form a fused ring 
stnicture on the alkylene chain). Histone deacetylase inhibitors, MHC class I molecule development promoters and drug compositions, 
containing as the active ingredient the above tetrapeptide derivatives or pharmaceutically acceptable salts thereof. 
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ISC 1 - 5 ©6l7;i/4 V >ii*U *fct»EDl[«17^* 1/ >S±©#&gUi 
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tmkisttoO*.* h Vr7tf7- tflSSMtfKMHC class- 

MHC class- I^%m(Sii^ffi$:?«JffiL/c, m^J#©E^ffi^$:^r-rs 

UfcJMfc, ^^#i:E!S>J-r5^^©mi§$l^^i: tTMHC class-I#-?£ 
*0*lfi*Iifc:»SLTV**. &g*U±, MHC class- I^-^^^SiJi-S^i: 

cti^^ea^eM^fi^-r-staM^MHc class- i^ti 

w©MHC class- I#?0*S**ttTUT*JO % «fc 
!SOJiJi*tt»a«:BWfcU/=W*tw*j^T, ffiTLfcMHC class- I#?©fg 
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m*.& rr>">-f^i2S!-c»mK»ufc*iijfii a f»a»5B*^7>'- 

■7tIfcH>T, fSTUTV^SMHC class-I#^c7>2gm£MHC class-ljgfc^cDgA 

StUTV^ (Tanaka, K., Isselbacher, K.J., Khoury, G., and Jay, G. 
Science 228, 26-30, 1985; Tanaka, R. , Gorelik, E. , Watanabe, M. , 
Hozumi, N. , and Jay, G. Mol. Cell. Biol. 8, 1857-1861, 1988^£#!I) . 
tZZX\ MHC class- lft?<D%m^ *©aa»*«»©fBfciB»«. 

ttitmuo-mt lx&zz&ox&o. z<Dmmx'<Dfom&m.&n(Dfflm* 
&m-rz>ztx\ mhc class- \ft3-<Dm$Lt>femznzz£&M&anz>. 

m&m&mtbx$£nz>\i*h>m&<D7-t?-Mttf&z>. * 

H7. h ><D7**MtK&fttZ&&¥%mmfflO)&M£ UX. fc* h VCD 
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>A (trichostatin A) ^0 2 C/^t h7/t^^> (trapoxin) SUtffcfcffiV^ 

7> hMb^©K-trap£ J8 V>fc 7 7 -77 7 AfiS^f ftfc t 

ftX J£^#IE#ib *&Z. tmm £ & 6 <DT\ 3Hb5&g0)-Jl 2: L "C £> d 5 MHC 

class- ift*%m~ttbxt&mttm*&t'$mms$>z>t><D<D. zntx-co 

MHC class- I^^{C^-TS(aiiM$:^1-ll7 h >x7ir^7 --fc'BlfftlS 
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if^^UMiMi^ Sr&fcMHC class- Itf^fgmteM 

iz s * -r h mm ©«t£ $ & & nx v > 6 . 
tto-c, *^Bjii, i aanMBia-eoiiHc class- ift^mmztttzfemw 

HE® Ha* 

*mwi*. (i) . (D , (i") x» (r") fi^n5itf 
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(3*. R,„ R I2 . R 21 &t/R 22 li, ^n^'ti^UT, tKUI* *»*JK«ltt7 
C £ $ h Z> L T «fc V 3 ~ 6 <0fttiL<07)V*)V& £ $i b % 

r„ R 2 ^tfR 3 <i, *ti?ti$k±LLx, m±tzi%mmi~6(Dftmm*^Lxt> 

(I'") IZ&^XIZ. R„, R 12 , R 21 &tfR 22 £>'>&< 1 -D&*/?U^*c*/)V 

class- I#^fgm(£it#J£JS&-t5„ 

ia«ai i: U Tttffl $ ft -5 i: J: v \ 

*JP©S5fe«©»SlT-*5 0*H#^aj^ #BS¥1 1-53 
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6. -ft* (I) ~ (I'") Oft«C8v^T, R„, R 12 , R„;&tfR 22 Ji, -en 

K7**jvmm u < im&mz^-tz z. t$x>z>%mm*m£Lxii>£ 
®.3~6(D#m(D7Ji>*Jim*m~t. zzx\ &tm&i~6<Dm®7)v*>m. 

&tm$L3~6(Dfti&.(D7Jl'*)\'m£LX&. ^f/H. x^;l/g v ^Df^ 

^v^Dfm -ry7*;m, tert- 
mtLXlZ. V?u-7u\L)\,m. i/9u-?*tM % i/^u^y^jm. vvu 

?zi%m&i~6(omm£t~&ftti.(D7J\'*ji'mtb-c&. 4-^ 
h 3-r > h >; )v* =f-^m. (n-* h 4r>-3-^ > k u ^) * 

-ft* (I) ~ U"') 0fc**fc*5v^T, R„ R 2 StTR s <i, *MftmL 
h X . ft± 1 ~ 6 Srtltt «fcl *ft&*ft 1 ~ 5 (O 

zzx\ $tm&i~6(DftigLmtLx^ x^ 

;H6, yDf^S, y>;H6» ^=^>;i/»&P(f 5: fctf-e**. 



6 



WO 00/52033 



PCT/JPOO/01141 



2, 4- £ U U > % 3, 4- H* U U >, 2, 3- li* 7 ^- 1/ >, 4, 5- k? U 5^-1/ 

5fe-r. (i) ~ d'") ©^5S-ca%$n«4ao^?*ifi*^ #t 

*^HJ©-j39:^ (I) tv^^^^T K^i^li, -B^tt* 

SP*>, (ID : 



OH (ii) 

(III) : 



OH 

(5$*. R 21> R 22 (i, ?tl?tl~Mi5. (I) 0>R 21 . R 22 i:HlbS$:^1-) "C^S 
tl5a-75;S. (IV) : 






R,l±. -«5* (I) ©R 3 t|lbS$:^-r) t'^^WltOa-T? 
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-Mft (v) 




O 



HO 



(V) 



"Q&iStl&a-7$JWLs (II) ~ (V) T?^*li4lOa- 

7 ^i?:^ h*^tw«k 'Jlttr K#&£^f£L£©*>> liTG 

-$5$ (v) ©d!i^^;i//i<4^;wa^t KP^-b-Ag{(im#t/ct.0-c*s. 
(i) t^$n»f b7^y? K^wit, a^uifc^fcsMK 

(MtH'feWrSa-T^y'lKOffillfeML/ctC'e**. BP*>. (I) *C 

^SftaJlttxh^^KmgttUcfc^Tfi, (II) ©7^M 

■ #afc*fc£fc*ttffl**ir*-S7 3 (IT) 
nsi^f b7^^f KBSfcfcfc, -ftt^ (I) V-MuZ, (III) Kffl^T^ffi 
«**a«*fc£t?atttt**#"r*a-7 5 ;&fc&oTV^. 

£/c-Jl85£ U") •CSStiSlttf HR*#tt-«« (I) -co 

-»5S (ID (III) ^fflSi-SffiMsoH^nti 

Miw, -jttsd"') x-&ztiznmm*-'tBL& o) -c©-^ (id &tf 
(in) izm % -r -s <fcg*>v-f tit, a j^^ % s umvtmm & m-t z> t s j 

f£&v\ 

-75 y &©:£#B2gi±> D-#©f5itt£fcJfcy#s^ «ita*i^$ 
3£tto«jft*»?>, £b-r><D7* ;wm\*. m®7 * ;m%imtg% 

Av\ aJK*%*tf»tt»»%*T*a-7 5y»**^tt**L«:v^(i3t 
^tti::*rStirO£>6*>\ ^©J§£l£-$5£ (III) (IV) ©75 JWl<D 
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cfcU#£U<&, f?IIE4Jl©75 (IV) -Oa^ttSfc©*. D 

-*K3M?U ft* snZL-mzMft-tZ. -US 5$ (II) 

(IV) -C*£*l6fc©£, D-#K31iRU ft* 2m*L-m~m$l?Z>t «fcv\ 

(v) ©75 jm<om^)vt^i/)vm^hmm^t\>hM kd*-*j-a» 
climate u mm<D-$sti& (v) ©75yK«r*^-r§ffij^bKD^-b-A 

ftttfe % &HS«tt,6± B3tf * 8**1 * »o. 

3 (IV) ©3g^75 ^^li, mfia©-flS^ (V) ©75 

Kn*-tfAtttt£0GK#fi*B£-r$IR, £K««1-S. -ffihS (IV) ©S 
**7 5 ^ift©JIttl&& @ 2 K^l" h 7#*^2/Bt;:*mS7<&©D- y 

U^>-2-*;^>tti:Ri;6Jl$|©^ti***«ff*Lv\ tot, zcom* 
#*U\ ^s^ii, c:tt^rM©jM;4<3SSirfcv^ 75 y^M^Mtf 
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>mmm~ *j it * n * >© p - \l h o * > s»ns, 7x^77->© 

a. > ->*;VS. * -5 fcfc h y y b 7 7 >© 3 - -f > h* U * * f^SIl©!?: ± 

»*U^-«8^(ID~ (V) ©7^ y$©5Iftti, (I') ©J£ 

ttfh^KWKfcH^t.. Li^©-C&£. 
x£(II)~ (V) 07^ySf©35:^BeSHBIbTt,. -&5£(IV)©S!M*a-7 5 
y&MtfK-«8:5£(II)©a-7^y&£D-#KjlfcU «'J©2i©a-7 

*%W<d-&i& d") ©Jilttxh K -tts* 

(I) (Dm&Th7*7?-mmmz£ittZ>-f!BLi& (III) i:ita-7 5; 
KfeaJ^^^O^«jg?:^-r6a7^yi!{wS5U/ct,©-e*S. tot, 
-&3(lI)~(IV)©75y$©51ftl£. (I) ©Stt^h^^K^ 

#i*:{ifc^T»^Lv^-iis^(ii)©7 5 jmomm*. d") ©JStt 

(I) ©Sttfh7A^H^i:i>in-^ (ID C^to-T^i 
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(111)07 5 y^Oilftli, -«s& (I") 0»ttfh7^HIIifti:8 
^Tt, l*8«fc#£U^0T?*6. 

*^bj©-m^ (i) (DmttT-hv^zfrvmmtt-i*. ±j&-tz>t#<), - 

file • IftOIiCl U«jfi-r5Cli:*ST-t5. *OXgO-0S(iKUT, J»T 

(«»]6rjfe) 

JBV**Cfc#«-C£**s % ttT©*W-e«U (IV) -e*S*iS3Sltta-7 

5yi4C*i:, -«3S(V)fU$*iSo-7^il%N*i:t5|ltt©Th 

(ili)««0i/\ h>;. stffbWf K©^ 

&ufl0*7*K£jSj££tti\ -jttst(iii)xtf-«*(iv)o7 5 y 

i«:^>^x7f;KkLtMi/c-us (v) ©75yi^uta« 
fh7^fK^Mn. 

&*J, d0j§g(3fci>T, K»7 3,'K07 3y'flMI*CJ±Boc-a£ (tert- 

s*ufcft. 7';-7 5>i:tTS^7K^fflv^T»i^x^;^ C f«ai•r■5. m. 
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v h ^ 7 7 ^ -K J; ^ T *ggf1-3. 
(112) i^^M»?S('ckSTO^7^K©^ 
h U 7 ;M- D TO £ m ^ T , ±ia±«gg£tt r h 7 X 7* h* OBoc-ISX 

-jttS (VIII) T-^^nS^7^h'^ffl^^l:©l/10»$:DMFi;^S?U0.1mM 

-f V 7*D bT;i/X^;l/7 ^ i/RtfHATU (0- (7-Azabenzotriazol- l-yl)-l, 
1, 3, 3— tetramethyluronium hexaf luorophosphate) fciO^L iES"E?30#liSJ 

T?B0PK*'fe»ilPL l»IH«ffLfc. KJSttTflL DMF£®£U #T-x#V-r 
— >3>£tTO*:&, 8Mg$£»K:<J:»;» *J&£j£&©afe*&*£$.5. CODS 
fe^^^^^y-^C^U HPLCT*ir5#M#7A£ffi^T*ilSiU 
JMSIfcj§fcJ:0HR5dt (I) -£3***1* B 

(r ) . d") . d"') t^^ftisstf h 7 ^K 
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*^BJ©MHC class-I^^iSiiSJIi, ±XUW LtzMmMmz \L Y D * 
**iT6. ^©MHC class-I^^Cgjt^^ h>f7tf 

mmmm^mm^m^^br. ^m^ntzmc class- i^^m^^s-rs. 

x$>z>b : 7#*->>y®mfrtit®tz>£Z. jE^mmmmizM-r^wii^mm. 
nM^^m^mi)^mizi&m^nttmmtbX0i&mi)mw^ti?>, ic, * 

*%WOmMM*fa\Z. l5i2©MHC class-I^^MjiM^ftJffiLT^ 
4 M^-T £ 5 **, t % Zmtky- h7^f KS§?»#© 
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(Omm*0. 1 ~5 Omg/k g<Dmm. #£U<(i, 0. 5~10mg/k 

»{b^«j»« k &ub s ft s s am j fciDAT, k jg-t s mm 1 -r a ^ t 

KR*<M>#1-S«ttfc£fflSH3:, IP*>, MHC class- I4HF%MJI 

Aib:2-75 J-fyjHt. Asu(NHOH) :2-7 5 J -Z-M Kn*tf3 K^^^VrK, 
Acc5:l-7* J i/2WM/#y-\-h)Vi$ym, Acc6: l-T^^^^OA^V 
-l-^;U*'>K, Acc7: 1-7 5 ^ ^^Pa^V-I-^^'VH, Acc8: 1-7 5 
y $/^D;*-^:$?>-l-7>,M<V®L lAin:l-75 -/-f V^-l-jfr/MOK. 
2Ain: 2-7 5 >> -i >^>-2-#;l/;J<>gL Pip: fc^D U VgL Cha:7 5y->^ 
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CHAP-15; cyclo ( -L-Asu(NHOH)-Aib-L-Phe-D-Pro- 



Igl Z-L-Phe-D-Pro-OtBu 

Z-L-Phe-OH ( 2.25 g, 7.5 mmol ), H-D-Pro-OtBu ( 0.862 g, 5.0 mmol ) 
£DMF ( 10 mL ) C»»U 7jc^TH0Bt H 2 0 ( 766 mg, 5.0 mmol ), BOP 
( 3.3 g, 7. 5 mmol ), hiJxf;l/7 5> ( 1.75 mL, 12.5 mmol )£iJD*., 2B# 

NaHCOj^it/taiP^^-eiig^gfe^L/c. JfekMgSO, t?Hg»ft. gflEL Mfttt 
i77'r>^i"J*mD?h^77^- ( CHCI3 / MeOH=99 / 1 )T'»« 
U flUE<h£8U.403 g ( 62% fcUT»/c. 
Rf= 0.83 ( CHClj / Me0H= 9/1) 

Xm2 H-L-Phe-D-Pro-OtBu 

Z-L-Phe-D-Pro-OtBu (1.403 g, 3.1 mmol JfcPd-Cfeja^TflfRtK &MM 
TtiZ «k U-ZlfifeBfeiUfe. 10B$ffl£f£fcfr>\ Pd-C£fcigL#il&ig||&&, 4% 
NaHC0,T-*|PL»l|x^;U{iaiajL/c. »aiifc*Na 2 C0,-e?at&, j*& ffiffi 



CHAP15 
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*fc£tt0.853 g, ( 86% 

Rf= 0.50 ( CHC1 3 / MeOH= 9 / 1) 
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Xf!3 Z-Aib-L-Phe-D-Pro-OtBu 

H-L-Phe-D-Pro-OtBu ( 0.853 g, 2.68 mmol )£Z-Aib-0H ( 954 mg. 4.02 
mmol )%±EXSl0^rffiJw*l;»^Lfc. M^77"r>^>^W 
D7^77-f- ( CHCI3 / Me0H= 99 / 1)T'»«L, «Efb£8ll.23 g 
( 85% 

Rf= 0.75 ( CHCI3 / Me0H= 9 / 1) 

X®4 H-Aib-L-Phe-D-Pro-OtBu 
Z-Aib-L-Phe-D-Pro-OtBu ( 1.23 g, 2.28 mmol ) £Pd-C£ffl V^-CMEftip. 

ft, 4%NaHC0,-e«t«»U»»x^;K-aimU^. ffidi$fcNa J C0,-C$£&ft, 
«Kfll£»0.726 g, 1.80 mmol ( 79% 
Rf= 0.50 ( CHCI3 / Me0H= 9 / 1) 

X@5 Boc-L-Asu(OBzl)-Aib-L-Phe-D-Pro-OtBu 

H-Aib-L-Phe-D-Pro-OtBu ( 0.726 g, 1.80 mmol ) £Boc-L-Asu(0Bzl)-0H 
(1.02 g, 2.70 mmol ) *±EXg.l©56rj*C«k Uf&£Lfc. 7 9 

aS/'J*mD7b^77-f- ( CHClj / Me0H= 49 / 1)T'»»U. fffift 
^993 mg (72%)fe#fc. 
Rf= 0.71 ( CHCI3 / Me0H= 9 / 1 ) 

Xg6 H-L-Asu(0Bzl)-Aib-L-Phe-D-Pro-0H.TFA 

Boc-L-Asu(0Bzl)-Aib-L-Phe-D-Pro-0tBu ( 993 mg, 1.30 mmol ) IZ h U 7 
^*P*» (3 mL) £*#TT-ira*, Boc»j3<J:^H7;7 c ;WX7x-r^©|^* 
^BIBMTffT^fc. hU7;^D»»«*ft, x-x^fcitFS^x-r 
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)V (l:5)T?B<fcU n&%mbtz. aE<b^«737mg, (78%) fcfcfc. 
HPLC: Rt=8.66 min (column: Wako pak C4, 4.6x150 nun, 30-100% linear 
gradient 

CH 3 CN / 0. 1% TFA over 30min, flow rate 1.0 mL / min ) 

I£7 cyclo (-L-Asu(OBzl)-Aib-L-Phe-D-Pro- ) 

H-L-Asu(0Bzl)-Aib-L-Pne-D-Pro-0H TFA ( 30 mg, 0.042 mmol )£DMF 
( 400 mL) iLjfeMZit, 0. 1 mM0M*Kfc6«k5R£l/fc. DMFj§${-10% 
DIEA/DMF ( 0.3 mL, 0.17 mmol )fccktfHATU (25 mg, 0.066 mmol ) ^tUX. 

T&KJ&ttfcMIU VtWtxf-MzmMitlt. 10%^x>k, 4%NaHC0 3 fcJ: 

a^y*m07h^77-<- ( CHC1 3 /MeOH=99 / l)T-»«l/. «Kfl:£ 

«151 mg (61%) 

Rf=0.78 ( CHClj / MeOH=9 / 1) 

HPLC: Rt=18.15 min (column: MS GEL C18, 4.6x150 mm 30-100% linear 
gradient 

CH 3 CN / 0. 1% TFA over 30 min, flow rate 1.0 mL / min ) 

X@8 cyclo (-L-Asu-Aib-L-Phe-D-Pro- ) 

cyclo ( -L-Asu(0Bzl)-Aib-L-Phe-D-Pro- ) ( 151 mg, 0.256 mmol )£;* 
*;-*5 mLCJMIS-tf. Pd-C«:iB^T»»a7ctrJ:U'<>^x^T-;HS% 

124 mg (97%) imtz. 

HPLC: Rt=6.32 min (column: Wako pak C4, 4.6x150 mm, 30-100% linear 
gradient 

CHjCN / 0.1% TFA over 30min, flow rate 1.0 mL / min ) 
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Xm$ cyclo (-L-Asu(NHOH)-Aib-L-Phe-D-Pro- ) 

cyclo ( -L-Asu-Aib-L-Phe-D-Pro- ) ( 124 mg, 0.248 mmol ) £DMF (3 
mL ) iZffiBDkttT. M KD#$/A>7 3 ( 86 mg, 1.24 mmol ), 

HOBt H 2 0 ( 57 mg, 0.372 mmol ), BOP (165 mg, 0.372 mmol )£jta;*L hU 
x^;i/7^> ( 0.24 mL, 1.74 mmol )%*lnLfc. 2Mig#&, 
USUlmLfcU/ctf)^ LH-20 (2x85cm)#7A (^Hi^DMF) K«fc'J*fML/c. & 
ISteJ»CJ:U«e'fl:^*95 ng (74%) 

HPLC: Rt=16.32 min (column: Wako pak C18, 4.6x150 mm, 10-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30min,.flow rate 1.0 mL / min ) 
FAB-MS: m/z=516 ( M+H )+ 

(mUm 1 ) CHAP -54; cyclo ( - L-Asu(NH0H)-Acc5-L-Phe-D-Pro- )OS 
ft 



±!2CHAP-l5©-&j£&i::m b^&U/c. 
HPLC: Rt=17.04 min ( column: MS GEL C18, 4.6x150 mm, 0-100% linear 




NH 
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gradient CH 3 CN/0. 1 % TFA over 30min,.flow rate 1.0 mL / min ) 
FAB-MS: m/z=542 ( M+H )+ 



(%Mm2) CHAP -55; cyclo ( -L-Asu(NH0H)-Acc6-L-Phe-D-Pro- ) <D& 




HC/ 

HPLC: Rt=18.25 min ( column: MS GEL C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN/0. 1%TFA over 30min, .flow rate 1.0 mL / min ) 
FAB-MS: m/z=556 ( M+H )+ 
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(*JS0»3) CHAP -71 ; cyclo ( -L-Asu(NH0H)-Acc7-L-Phe-D-Pro- ) 




±echap- i5<DG&.mm b£®.Ltz. 

HPLC: Rt=19.24 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=570 ( M+H )+ 
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(£Mm4) CHAP -76; cyclo ( -L-Asu(NH0H)-Acc8-L-Phe-D-Pro- ) <D<& 




HPLC: Rt=18. 72 min (column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=584 ( M+H )+ 
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(*B50»J5) CHAP -81; cyclo ( -L-Asu(NH0H)-2Ain-L-Phe-D-Pro- ) 
ft 




±IHCHAP-15©^a(I^l;^b/c 0 
HPLC: Rt=18.20 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=590 ( M+H )+ 
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(|yiS0>J6) CHAP -82; cyclo ( -L-Asu(NHOH)-lAin(f)-L-Phe-D-Pro- )© 




31 li 




±BCM?-l5<DGf£m~mb&&btz. (lAin(f)(i, ^fi60>J7 ©lAin(s) £ 

HPLC: Rt=16. 26 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=590 ( M+H )+ 
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(HJS5^J7) CHAP -83; cyclo ( -L-Asu(NHOH)-lAin(s)-L-Phe-D-Pro- )<D 




HPLC: Rt=17. 13 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=590 ( M+H )+ 
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(^Jfe0!l8) CHAP -91; cyclo ( -L-Asu(NHOH)- 2Ain-L-Phe-D-Pip-)4)£ 




±sBCMP-15©£/£&Ki£b£$l/£. 
HPLC: Rt=19.07 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=604 ( M+H )+ 

(*«5^I9) CHAP -90; cyclo ( -L-Asu(NHOH)- Acc8-L-Phe-D-Pip-)<D£ 
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HPLC: Rt=20.08 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH 3 CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=598 ( M+H )+ 

(£ft0J 1 O ) CHAP-86;cyclo(-L-Asu(NH0H)-D-Cha-L-I le-D-Pip-) v 
CHAP-87;cyclo(-L-Asu(NH0H)-D-Cha -L-l le-L-Pip-)(D£j& 




CHAP86 CHAP87 



Xgl Boc-L-Ile-D,L-Pip-0Bzl 

Boc-L-Ile-OH 1/2 H 2 0 (3.92 g, 16.8 mmol). H-D,L-Pip-0Bzl HC1 (3.57 g, 
12 mmoDfccktfHATU (7.75 g, 18 mmol)£DMF (15 mL)C»US"it. *R?frTEt 3 N 
(4.76mL, 30 mmol)£;ba?U **«£i&-C8t# U tz. Sfttt&jMgfe. ftifxf 
)V (120 mL)"CjfcaiU 10%*x>lfcjc»jtt, 4%NaHC0 3 *&$, IfrW&i&fcT* 

777^n7h^7-f- (3.5x20 cm, mm®& CHC1 3 / 
Me0H=99 / l)KioTH$£UBoc-L-Ile-D,L-Pip-OBzl (5/90 g, 13.8 mmol, 
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jr* 97% )&&#«»*:. 

Rf=0.50 (CHCI3 / MeOH=49 / 1) 

IS2 Boc-D-Cha-L-Ile-D.L-Pip-OBzl 

Boc-L-lle-D,L-Pip-OBzl (432 mg, 1 mmol) &TFA (3 mDlI&jgU 2KfrT 
30#JfcgU*i. £J&&£S*&, $£T&*tLH-L-Ile-D,L-Pip-0Bzl TFA 
(638 mg, JRS& 144%)fcfcfc. DMF (5 mDK&jSIS-tf-, Boc-D-Cha-OH 

(326 mg, 1.2 ramol)£An*., ^TzktfT HOBt H 2 0 ( 230 mg, 1.5 mmol,1.5 
^S), Et 3 N (0.52 mL, 3.7nunol, 3.7 %M), BOP (663 mg, 1.5mmol, 1.5^ 

m)^nax. ^X'lmmmwbtz. BL&m*mmvtz&. mm^^ aoo 

mDT-m&b. 10%^x>iJ^^, 4%NaHC0 3 *^, fSfa&i&^T'^n^ft 

77-r>a^D7hy77^- (2.4 x 14 cm, mmmU CHC1 3 / MeOH=99 / 
1 ) K <fcoT3ffl$gb Boc-D-Cha-L- II e-D, L-P ip-OBzl (565 mg, 0.96 mmol,JRl£ 
96%)7^-Att^$:#fe. 
Rf=0.27 (CHCI3 / MeOH=49 / 1) 

Ig3 Boc-D-Cha-L- 1 1 e-D, L-P i p-OH 

Boc-D-Cha-L-lle-D,L-Pip-0Bzl (565 mg, 0.96 mmol)£Me0H (10 mDCjgft? 
U ?d-mm. (250 mg)£;&DA, *i^g[T 1 1 5«fKi^ I ^ > i?;l/X^ r ^ 
g£Rfc£L*: 0 Pd-CM^^M5iL/c^ v Me0H£®£UX£$£*iLT, Boc-D- 
Cha-L-Ile-D,L-Pip-0H (459 mg, 0.93 mmol, JR^ 978)7 tf-AtttJfcff/c. 

XM4 Boc-D-Cha-L- 1 1 e-D, L-P i p-L-Asu (OBz 1 ) -OTmse 

Boc-L-Asu(0Bzl)-0Tmse (535 mg, 1.1 mmol, 1.2^4)(C^Ki^TTFA (3 mL) 
*bQZ, 30^ra^S-CS5CgLBocSCD|^**«C^o/c. TFAff*^ $JEET£ 
*§LH-L-Asu(0Bzl)-0Tmse TFA w*l£DMF (5 mL)K$ft?$t!\ 

Boc-D-Cha-L-1 1 e-D, L-P i p-OH (459 mg, 0. 93 mmol) £iD A, m^XfrftT 
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HOBt H 2 0 (213 mg, 1.4 mmol, 1.5 S*), BOP (616 mg, 1.4 mmol, 1.5 
Et 3 N (0.48 mL, 3.5 mmol, 3.7 MSfi) £ia;L, gffi"C15B#fg|ffi# Ufc. £ffr$ 
fc»ttl/fcft, gf8&X^;l/ (100 mL) -eadl 10%*x>|Mc»»u 4% 
NaHC0,2K»«t. JB»ft**T*-ttl-?tl2®J5lc»L, *l*V^*'>tf AfM, 
ft»X^%B5fel/fe. H$9g«ft. 77r>a^D7by77-f- (2.4x 
20 cm, mmmm CHC1 3 / MeOH=99 / 1)K J: o THISI UBoc-D-Cha-L-I Ie- 
D,L-Pi P -L-Asu(0Bzl)-0Tmse (813 mg, 0.93 mmol, JR$ l00X)j*tt1jj'fe#fc. 
Rf=0.20 (CHC1, / MeOH=49 / 1) 

XmS H-D-Cha-L-I le-D, L-Pip-L-Asu(0Bzl)-OH TFA 

Boc-D-Cha-L-IIe-D,L-Pip-L-Asu(0Bzl)-0Tmse (813 mg, 0.95 mmol)£DMF 
(2 mDd^gf 1M tetrabutyl ammonium fluoride THF^^ (4 mL, 4 mmol, 
4^*)£in*£MT-30#KSU*:. SfS&fc »H U 10%^X>H*»« 
fciD*-C. UttKUfcfiL RKx^KlOO mD-CJUtfJUfc. Smx^;Wf£fi3 

Boc-D-Cha-L-Ile-D,L-Pip-L-Asu(OBzl)-OH (696 mg, 0.91 mmol, 
JR^ 97%)fe»/c. Boc-D-Cha-L-Ile-D,L-Pip-L-Asu(OBzl)-OH (696 mg, 0.91 
mmol)(C3!K^TTFA (5mL)£;&n*., 30ftfflmW L X*mW.L1Locm(Dl&£* fcC&o 
fc. TFAW3&m, x— r^-5tllix— (1 : 10) £JD*.@ft£-tf\ fcgHX, «JE 
T3£*SU H-D-Cha-L-Ile-D,L-Pip-L-Asu(0Bzl)-0H TFA (752 mg, 0.91 mmol, 

jr* ioo%) ^mz. 

Xg6 cy c 1 o ( -L-Asu ( OBz 1 ) -D-Cha-L- 1 1 e-D, L-P i p- ) 

H-D-Cha-L-lle-D,L-Pip-L-Asu(0Bzl)-0H TFA (752 mg, 0.91 mmol)£DMF (5 
mL)£»J!IU t(0m mLfcDMF (455mL, 0.4 mM)KAn. HATU (104 mg, 1.5 
DIEA(0.63 mL, 4^*)©DMF (10 mL)M 1 mL fcin*. M*ClfiflH 

a«sL/c m&o&fttsmmvi&b. mitm^n-ytz. zmmzmmbtz 

mW.^*)V (100 mL)-ettaiL, 10% ;7x 4%NaHC0 3 7K^ 
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B*Lfc. 77T>a^n7h^77-f - (2.4 x40 cm, M 

ftft CHC1 3 / MeOH=99 / 1){Z «fc oT#8t)ltSgbcyclo(-L-Asu(OBzl)-D-Cha- 
L-lle-D-Pip-) (90 mg, 0. 14 mmol, JR* 18%). cyclo(-L-Asu(OBzl)-D-Cha- 
L-lle-D,L-Pip-) (200 mg, 0.31 maol.JR* 40%)4»fc. 
cyclo(-L-Asu(OBzl)-D-Cha-L-Ile-D-Pip-) 
Rf=0.45 (CHClj / MeOH=9 / 1) 

HPLC : Rt=19.40 min (column : wakosil 5C4, 4.5 x 150 mm, 37-100% linear 
gradient CH 3 CN / 0.1% TFA over 30 min) 
cyclo(-L-Asu(0Bzl)-D-Cha-L-Ile-L-Pip-) 
Rf=0.45 (CHCl, / MeOH = 9 / 1) 

HPLC : Rt=16.80 min (column : wakosil 5C4, 4.5 x 150 mm, 37-100% linear 
gradient CH 3 CN / 0.1% TFA over 30 min) 

Xg7 cyclo(-L-Asu(0H)-D-Cha-L-lle-D-Pip-), 
eye 1 0 (-L-Asu (OH)-D-Cha-L- 1 1 e-D, L-P i p-) 
cyclo(-L-Asu(OBzl)-D-Cha-L-lle-D-Pip-) (90 mg, 0.14 mmol). cyclo(-L- 
Asu(0Bzl)-D-Cha-L-Ile-D,L-Pip-) (200 mg, 0.31 mmol) £ ^ ft-^tlMeOH (5 
mL). MeOH-DMF (10 : l)lC^ft?L, Pd-CflMK (250 mg) fciflj*, *I^TX* 

i5»M««sL'<>^x^x^ii«:**ufe. Pd-caMK*a»Lfcft. mm* 

e*U^^UT, cyclo(-L-Asu(OH)-D-Cha-L-lle-D-Pip-) (76 mg, 0.14 
mrol.JR* 85%), cyclo(-L-Asu(OH)-D-Cha-L-Ile-D,L-Pip-) (170 mg, 0.31 
nmol.JRJfs 99%) 

eye 1 0 (-L-Asu (OH)-D-Cha-L- 1 1 e-D-Pip-) 

HPLC : Rt=12.64 min (column : wakosil 5C4, 4.5 x 150 mm, 37-100% linear 
gradient CH 3 CN / 0.1% TFA over 30 min) 
eye 1 0 (-L-Asu ( OH) -D-Cha-L- 1 1 e-L-P i p- ) 

HPLC : Rt=9.48 min (column : wakosil 5C4, 4.5 x 150 mm, 37-100% linear 
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Ig8 cyclo(-L-Asu(NHOH)-D-Cha-L-I le-D-Pip-), 

eye 1 o (-L-Asu (NHOH) -D-Cha-L- 1 1 e-D, L-P i p- ) 
cyclo(-L-Asu(OH)-D-Cha-L-Ile-D-Pip-) (76 mg, 0.14 mmol,), cyclo(-L- 
Asu(OH)-D-Cha-L-Ile-D.L-Pip-) (170 mg, 0.31 mmol,)£. ^tl^tiMY (3 
mL)(;i}§ft?U HOBt H 2 0 (LDLDft : 32 mg, 0.21 mmol, 1.53*. LDLD, LDLL 
mixture^ : 71 mg, 0.47 mmol, 1.5 NH 2 0H HC1 (LDLDft : 49 mg, 0.70 

mmol, LDLD, LDLL mixture^ : 108 mg, 1.6 mmol, 5 ^SJSriPA. 2K 

ftTBOP (LDLD# : 93 mg, 0.21 mmol, 1.5^*, LDLD, LDLL mixture^ : 206 
mg, 0.47 mmol, 1. 5^*), Et 3 N (LDLDft : 0.12 mL, 0.84 mmol, 6^fi, 
LDLD, LDLL mixture^: : 0.20 mL, 1.86 mmol, 6 ^fi)£ilD;L, 4f$fflt%#btz. 
&mmT&. £l£U/cEt 3 N HCl£igj&LDMF*:f3£U/c&. LDLDf£ (iSephadex 
LH-20 (2.4 x 85 cm, DMFWHgSa* 7 AKTMtL ttMHt Ucyclo(-L- 
Asu(NH0H)-D-Cha-L-lle-D-Pip-)(20 mg, 0. 035 mmol) LDLD, LDLL 

mixturefMi, ^M©MeOHtI?§^UHPLC (column : YMC-Pack C8 10 x 250 mm, 
37% CH 3 CN/ 0. IX lFk)*m^xm$iL. ?*M^Lcyclo(-L-Asu(NHOH)-D- 
Cha-L-Ile-D-Pip-)(27 mg, 0.047 mmol, MS 100%), eye lo(-L-Asu (NHOH) -D- 
Cha-L-Ile-L-Pip-)(51 mg, 0.090 mmol, 93%)£#/c. 
eye 1 o (-L-Asu(NHOH)-D-Cha-L- 1 1 e-D-P i p-) 

HPLC : Rt=21.34 min (column : wakosil II 5C18, 4.5 x 150 mm, 10-100% 
linear gradient CHjCN / 0.1% TFA over 30 min) 
eye 1 o (-L-Asu (NHOH) -D-Cha-L- 1 1 e-L-P i p-) 

HPLC : Rt=18.79 min (column : wakosil II 5C18, 4.5 x 150 mm, 10-100% 
linear gradient CH 3 CN / 0.1% TFA over 30 min) 
FAB-MS (2,2*-dithiodiethanol) : m/z=564 [M+H]+ 
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(nmmi 1) CHAP-84;cyclo(-L-Asu(NH0H)-D-Cha -L-Leu-L-Pip-) v CHAP- 
85;cyclo(-L-Asu(NH0H)-D-Cha -L-Leu-D-Pip-)£>£$ 




CHAP84 CHAP85 

*E**Th7^^KO#«l4, ^lilO (CHAP86, CHAP87) tlifS U"t ff 
fc/£U Boc-L-Leu-D,L-Pip-OBzl l, >TJi, BOPfj^ (1.5 ^ 

ft), HOBt H 2 0 (1.5£*)feJ8^fc. 
eye 1 o ( -L-Asu ( NHOH ) -D-Cha-L-Leu-D-P i p- ) 

HPLC : Rt=20. 89 min (column: wakosil II 5C18, 4.5 x 150 mm, 10-100% 
lineargradient CH 3 CN / 0.1% TFA over 30 min) 
eye 1 o (-L-Asu (NHOH) -D-Cha-L-Leu-L-P i p- ) 

HPLC : Rt=18.33 min (column: wakosil II 5C18, 4.5 x 150 mm, 10-100% 
linear gradient CH 3 CN / 0.1% TFA over 30 min) 
FAB-MS (2,2'-dithiodiethanol) : m/z=564 [M+H] + 
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(£lflS«12) CHAP-78;cyclo(-L-Asu(NH0H)-D-Cha-L-Cha-L-Pip-), CHAP- 
79;cyclo(-L-Asu(NH0H)-D-Cha-L-Cha-D-Pip-)©-&^ 




CHAP78 CHAP79 

■otz, tztzL. Boc-L-Cha-D,L-Pip-OBzl(D^(IOV>-Cli, DCC (1.3^*), 
HOBt H 2 0 (\.Z%M)tm^tz. 
cyclo(-L-Asu(NHOH)-D-Cha-L-Cha -D-Pip-) 

HPLC : Rt=26.20 min (column : wakosil II 5C18, 4.5 x 150 mm, 10-100% 
linear gradient CH 3 CN / 0.1% TFA over 30 min) 
eye 1 o (-L-Asu(NHOH) -D-Cha-L-Cha -L-P i p-) 

HPLC : Rt=23.36 min (column : wakosil II 5C18, 4.5 x 150 mm, 10-100% 
linear gradient CH S CN / 0.1% TFA over 30 min) 
FAB-MS (2,2'-dithiodiethanol) : m/z=604 [M+H] + 

(&&m i ) mhc class- i#?%mi&mm& 

*mW(Dmft : rh : 7'<7*YMmfc(DmrZ> MHC class- I#?^5l{£jifE 
f&WOmViTh?*?* YMmft*Wmi<-£Z>Z£X\ MHC class- i^^ 
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m v > ttmmn «. %mm &&w$im ± u #m & % » v * * * 9 y - v kbjei 

T-<&SB16/BL6jHBJ®£$fBL*:. f£*ffll&0>i£#f£, 10K FBSfcSsiaU/cMEMigJft 

LXDMSOK&^U M&5 mg/ml (16.54 mM) ©ICjt^KflSg h'jnx 
#*>A&, k7b>f7tf7- W*ia*JStttijeH-rSMHC class- I# 

mf!B©B16/BL6iiffij&S:500(H@/wel 9 ^D^U-bC 

»SU &well^/cU±fB©*gJfe200,cil*T\ 2 4NfK^*U/c^ M^-ft^ 
^©M^m^S?:*gfl&(w^t^^lOMl?:^liaL. 7 2B#|taJg# 

Ufc. £.well£PBS ^St-r£*fflfl&;& 

@£U/ciifflji&^®K$ggiL-CV^MHC class- I3HP©*J±, j^T©^r?£-ciii 
5£L*:„ -^JJt^iiUT, V?*©MHC class- I4KFC#1-*ft#-0&*SftH- 

XlgG+M (ipfiRfn ; ^5 n>tt) £J8i<\ #v^-C\ W^iiUt, xhl// 

4-methylumbelliferyl-0-D-galactoside (TfrflKn?, : WMtz± y ^ y- V 9) 
im\ B%Rfo<D£fcV!} IZ&m-t Z&ft&m (®& : 365nnu %L% : 450nm) 
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U . Z. OS!l©we ll(IfcV N Tii!J^$ ft S £ X V Z > H t L/c. 
•y^7>K©*^£;iU3|v^ia$:. fgSILT^SMHC class- 

LTV^MHC c lass- 1 Ltz. ^mt^Wmm 

SKfctfS. fgmUTV^MHC class- lulB©S^fit?: 1 £-t6*B 

*ttre«u &m4t£®(Dr&&®mmm*r.®KfeMirz>mg. (Cx2) -eit 

1 Izjjk-fmVtT h 7 K(iWfoMHC class-I#^©fgm{£ii?Stt 



*1 







CHAP 15 


33.2 nM 


CHAP54 


5.67 nM 


CHAP55 


5.38 nM 


CHAP71 


2.76 nM 


CHAP76 


1.88 nM 


CHAP78 


2.35 nM 


CHAP79 


2.79 nM 


CHAP81 


1.29 nM 


CHAP82 


-2.69 nM 


CHAP83 


2.29 nM 


CHAP84 


5.65 nM 


CHAP85 


2.26 nM 


CHAP86 


3.29 nM 


CHAP87 


5.39 nM 


CHAP90 


3.96 nM 


! CHAP91 


2.48 nM 
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2 ) histone deacetylase&liiglgygfe 

y * 7 hMb£t! K J: 6 1 7. h >t 7 -tr * 7 — tftf>8£lSS7Et& 5: M C J: h d i: 
©aEliEfcff 5g6*JT\ #f§BJ<D33ttf- h^y^Kfb'&W. in vitroO&K 

h>f7tf7- \?<DmW*m*ffllZ&^mb a. Biol. Chem.265, 
17174-17179, 1990) ©tf&Kft o TAr o/c. B£jmB16/BL6i|fflj® jo^g^ffiM 

IfflJ&fcHDA buffer (15 mM A, 5%JfVizU 

—)V S 0.2 mM EDTA. 1 mil 2-mercaptoethanol „ pH 7.5) KggjgU 
-fXtm iS^T'^^m*) (2500x gl 10 min) , 1 M (NH 4 ) 2 S0«£ 
buffer^-eStf^^-rXUfc. jB&ftttftU&fr LT, SUfcL£±ji*© 
(NH 4 ) 2 S0 4 ia&£3.5 M£T*±#£-tf\ h >f7tf7- \z*ftm2i£tz. 

z<D&mvamMbufferizn®ML. y Jimmx-HM buffer izmt&x&L. m 

histone deacetylasei£^i$t i; LXJB 

SlJllT, ^SK^^K ; [ 3 H]acetylated histone H4 peptide&ffl 
<^fc. C£D[ 3 H]acetylated histone H4 peptideli. fclT. h >H4CDN*^y^ 
K ; SGRGKGGKGLGKGGAKRHRKVC (C3feK(i^*^ >£ottT&£) ££f£U 

i^-r--T6Ci:(r«fcUffo/c (£^$100^1) . £&£25/*l©lM HC1, 
0.2 Mgf&feSsiOTMtath ^KJST-§JUai^n/c[ 3 H]acetate«:^x^;W-e 

■y-T> mttettZfivtz. mmmmt. #MK*m6histone deacetylase 
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CHAP 15 


5.17 nM 


CHAP54 


3.02 nM 


CHAP55 


2. 19 nM 


CHAP71 


2.14 nM 


CHAP76 


3.99 nM 


CHAP78 


3.88 nM 


CHAP79 


3.90 nM 


CHAP81 


0.980 nM 


CHAP82 


1.12 nM 


CHAP83 


1.95 nM 


CHAP84 


2.22 nM 


CHAP85 


1.96 nM 


CHAP86 


3. 14 nM 


CHAP87 


1.98 nM 


CHAP90 


2.75 nM 


CHAP91 


1.20 nM 



x^mmm^toxn^ttDt-r^, 

«nfct^b>f7tf7- mmmmmmzttmisx. mhc class- i$h*» 

£©T\ tifE©MHC class- I^fimOSiiMiiPJffl UX. ft&&tz£Z&m 
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